Introduction {#sec1-1}
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Pharmacotherapy for patients infected with human immunodeficiency virus (HIV) is complex and presents unique challenges, for a number of reasons. Treatment of HIV typically requires the use of three or more antiretroviral (ARV) medications, and careful consideration must be given to the pharmacologic properties of each in order to optimize outcomes.\[[@ref1]\] Therapeutic options and treatment guidelines are continually evolving, with approximately 30 new ARVs approved since 1987 and more in advance stages of the drug development pipeline.\[[@ref2]\] In addition, ARVs are highly susceptible to drug-drug interactions. Furthermore, HIV-infected patients require additional education and counseling regarding their treatment, how to take their medications, the importance of adherence and ways to identify and cope with long-term consequences of therapy.\[[@ref1]\] These complexities increase the potential for drug therapy problems (DTPs).

A DTP is any undesirable event that involves a patient\'s drug therapy, which actually or potentially interferes with achieving desired health outcomes, and requires clinical judgment to resolve.\[[@ref3][@ref4]\] Identification, prevention and resolution of DTPs is the bedrock of pharmaceutical care. Pharmacists play a key role in preventing and resolving DTPs by identifying actual or potential DTPs and make recommendations to the patient or other healthcare providers, as appropriate, to resolve such problems. This role is particularly important when providing pharmaceutical care to HIV-infected persons given the complex nature of drug therapy for HIV and other co-morbidities.\[[@ref5][@ref6]\]

Several studies provide evidence of the beneficial impact of HIV-specialized pharmacists on HIV treatment outcomes and treatment adherence among infected individuals.\[[@ref7][@ref8]\] In an observational cohort study of 1571 HIV-infected patients prescribed their initial antiretroviral therapy (ART) regimen in clinics either with or without a clinical pharmacist, patients exposed to a clinical pharmacist were twice more likely to achieve an HIV ribonucleic acid (RNA) level \<500 copies/mL at 12 months (odds ratio = 2.01, 95% confidence interval: 0.92-4.3).\[[@ref9]\] Similar findings were also noted by Scott *et al*., in that HIV pharmacist-led interventions, such as ARV regimen simplification and adherence counseling were associated with better drug therapy outcomes, with 96% of patients able to accomplish or maintain undetectable viral loads postintervention compared with 63% preintervention (*P* \< 0.001).\[[@ref10]\]

A review of published studies evaluating HIV pharmacists' impacts on primary outcomes showed that over 68% of the studies were conducted in the US and other developed countries.\[[@ref11]\] Literature is sparse on similar studies conducted in sub-Saharan Africa. An earlier published study conducted in Kenya focused on clinically significantly drug interactions and was not pharmacist initiated.\[[@ref12]\] Furthermore, most of the published reports of clinical pharmacists' activities were descriptive in nature and lacked corresponding data on improvements in patients' clinical outcomes. The aim of the current study is to describe changes in clinical endpoints (viral load, CD4+ count and ARV toxicity-related laboratory evaluations) that occurred after intervention by a pharmacist among patients on ART in a large outpatient HIV treatment center in Nigeria.

Subjects and Methods {#sec1-2}
====================

This was a prospective case series of HIV-infected adults (≥15 years old) for whom a pharmacist-initiated intervention was made to prevent or resolve a DTP. The study was conducted from July 2010 to June 2011, at the adult HIV clinic of Jos University Teaching Hospital, Nigeria (JUTH HIV clinic). The JUTH HIV clinic was first established in 2002 through the Federal Government of Nigeria National HIV treatment Program. Since 2004, the JUTH HIV clinic has received additional funding for patient treatment care, and support as well as capacity building as part of the Harvard President\'s Emergency Plan for AIDS Relief (PEPFAR)/AIDS Prevention Initiative in Nigeria (APIN) plus program. At the time of study, over 13,000 HIV-infected adults were enrolled in care, and approximately 9300 of these patients were on ART.

Antiretroviral therapy eligibility and laboratory monitoring schedule {#sec2-1}
---------------------------------------------------------------------

Antiretroviral therapy eligibility criteria were based on National Adult ART Guidelines, which at the time of the study recommended ART for all HIV-infected adults with CD4 cell count \<200 cells/mm^3^, as well as for those with CD4 cell count \<350 cells/mm^3^ and clinical stage 3 or 4 conditions.\[[@ref13]\] If eligible, patients were dispensed ART monthly, free of charge, in the JUTH HIV clinic. Per program protocol, patients underwent laboratory evaluations pre-ART initiation, and then at 12 weeks and subsequently every 24 weeks (approximately) after ART initiation. These included plasma HIV viral load, CD4 cell count, basic blood chemistry and complete blood counts.

Pharmacists' dispensing and prescription evaluation procedures {#sec2-2}
--------------------------------------------------------------

At the time of ART initiation and each refill visit, clinic pharmacists provided patient education on ART and the importance of adherence, as well as screened prescriptions to identify potential and actual DTP, taking into consideration patient factors such as medication history, comorbidities, drug interactions and aberrant laboratory test results. At time of dispensing, the pharmacist documented prescription records into an electronic pharmacy record (FileMaker Pro, v10), which had been developed as part of the Harvard PEPFAR/APIN plus program. Identified DTPs were documented in the pharmacy database. Information related to the DTP that was documented routinely included, patient demographic data, type of DTP, laboratory parameters and actions taken to resolve the DTP. Only interventions accepted by the attending physician were documented. For the purpose of this study, interventions were graded as major or minor by two independent clinical pharmacists. Major interventions included identified DTPs that could have a direct impact on patient outcomes, such as therapeutic failure, management of comorbidities, or abnormal laboratory values that may be related to drug toxicity, while minor interventions included those specific to the written prescription, such as illegible handwriting and identity problems.

In order to evaluate changes in patients' HIV virological and immunological outcome measures (HIV RNA level, CD4+ cell count) and common ARV-related toxicity parameters (alanine transaminase \[ALT\], serum creatinine \[Cr\], hemoglobin \[Hb\]), these data variables were collected at time points before and after pharmacist intervention. Preintervention was defined as the value at or within 12 months prior to the intervention; postintervention was defined as the value within 12 months after the intervention. All patients included in this study signed an informed consent as per the clinic protocol at the time of enrollment into the HIV treatment program.

Statistical analysis {#sec2-3}
--------------------

Statistical analysis was performed using IBM SPSS Statistics for Windows, Version 20 (IBM Corp., Armonk, NY, USA). For the descriptive analysis, categorical variables were expressed as percentages and frequencies, while continuous variables were expressed as median (interquartile range \[IQR\]). Change in HIV clinical outcomes pre-pharmacist to postpharmacist intervention were evaluated at 95% significance level using Wilcoxon signed ranks test for continuous data or Pearson Chi-square or Fisher\'s exact analysis, as appropriate, for categorical variables.

Results {#sec1-3}
=======

During the 1-year study period, four HIV-specialized pharmacists dispensed 64,839 prescriptions to 9320 unique HIV-infected patients. A total of 85 major, pharmacist-initiated interventions were made in 85 unique patients (0.9% of the patient population seen during the study period), which resulted in an incidence rate of 1.31 interventions/1000 prescriptions. Among those patients in whom prescription interventions were made, 56 (65.9%) were female, and the median (IQR) age was 35 (31--40) years, neither of which differed significantly from the overall patient population seen at the clinic. Furthermore, among the 85 patients in whom a pharmacist-led intervention was made, 65 (76.5%) were already taking ART ("ART-experienced"), of whom 62 (95.4%) and 3 (4.6%) were on first- and second-line ART, respectively. The remaining 20 patients (23.5%) were yet to commence ART ("ART-naïve"). ART-experienced patients had been on treatment for a median (IQR) duration of 39 (22-60) months at the time of intervention. There were 8 (9.3%) study patients lost to follow-up prior to the end of the study follow-up period.

The patterns of DTPs reported in the study are summarized in [Table 1](#T1){ref-type="table"}. The most common type of DTP, documented in 49.3% of major interventions, was an untreated indication, such as failure to initiate ART when eligible or suboptimal treatment for hepatitis B co-infection. This was followed by therapeutic failure and drug toxicity, which represented 25.9% and 22.9% of all documented DTPs, respectively.

###### 

Description of drug therapy problems
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Pharmacist-led intervention frequently resulted in medication changes to resolve the DTPs, which included an ARV drug substitution to a safer first-line drug, a switch from first to second-line ART, or ART initiation in 33.8%, 23.5%, and 24.7% of patients, respectively. Other actions taken, as a result, of pharmacist intervention included the addition of a new drug (8.2%); drug discontinuation (2.4%); and dosage adjustment or and adherence education (1.2% each).

The HIV and ARV toxicity outcome measures pre- and post-intervention are summarized in [Table 2](#T2){ref-type="table"}. Overall, there was a significant improvement in virological and immunological outcomes from the time pre to postpharmacist intervention. The proportion of patients with an HIV RNA level \<400 copies/mL increased from 29.4% to 67.1% (*P* \< 0.001), while the median CD4+ cell count increased from 200 (123--351) cells/mm^3^ to 361 (221--470) cells/mm^3^ (*P* \< 0.001). The changes were notable for ART-naïve and ART-experienced patients \[[Table 2](#T2){ref-type="table"}\]. Although statistically significant changes were observed in median Hb and ALT values from pre-intervention to post-intervention, the number of patients with abnormal Hb, ALT, and Cr values pre-intervention and post-intervention did not differ significantly (data not shown).

###### 

Clinical outcomes pre and post pharmacist interventiona
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Discussion {#sec1-4}
==========

To the best of our knowledge, this is the first report from a large outpatient HIV clinic in Nigeria to describe HIV treatment outcomes following pharmacist-led intervention. Although the number of major interventions in this study was few, the improvements in virologic and immunologic outcomes that occurred among these patients postpharmacist intervention were significant.

In this study, untreated therapeutic indication was the most commonly identified major DTP. Specifically, pharmacists initiated intervention resulted in the modification of ART in 20 HIV/hepatitis B virus (HBV) co-infected patients who were not receiving an optimized treatment regimen against HBV, which includes the use of two ARVs that are also active against HBV, such as tenofovir plus lamivudine or tenofovir plus emtricitabine.\[[@ref14]\] Optimal HBV treatment reduces the risk of liver injury and mortality by optimizing suppression of HBV replication, as well as reduces the risk of selecting for HBV resistance.\[[@ref15][@ref16][@ref17][@ref18][@ref19]\] Another common untreated indication warranting pharmacists intervention identified in our study was failure to initiate ART among patients eligible for HIV. Interventions resulting in the initiation of ART for eligible patients have profound patient and population level benefits, as the use of ART not only reduces HIV and nonHIV related morbidity and mortality among HIV-infected patients, most significantly among those with lower CD4 cell counts, but also significantly reduces the rate of HIV transmission to currently uninfected persons.\[[@ref14]\] Highlighting the importance of earlier initiation of ART, since the time of this study, national and international guidelines have continued to evolve and now recommend ART for individuals with CD4 ≤350 cells/mm^3^,\[[@ref20]\] or ≤500 cells/mm^3^,\[[@ref14]\] respectively. As our study findings suggest, pharmacists play an important role in aiding the implementation of these ever-changing guidelines by identifying patients who are now eligible for ART.

Importantly, our study also identified that pharmacists play a key role in helping to identify patients that may be failing their current ART regimen. Prompt identification of ART failure is important, as maintaining a failing regimen may results in accumulation of resistant mutations, thereby limiting future treatment options.\[[@ref21][@ref22]\] Although we were unable to evaluate the impact on ARV resistance during this period, among the 22 patients in whom virological failure was detected by pharmacists, 81% achieved viral suppression postintervention, which included a switch to second-line ART and/or enhanced adherence counseling. Notably, we observed that patients were maintained on failing regimens for a median duration of \>20 months before pharmacists' intervention, which highlights an opportunity for earlier intervention with heightened awareness by the pharmacist and clinical team. Following identification of and intervention for these critical DTPs, virological and immunological improvements were observed among both ART-naïve and ART-experienced patients, which is comparable to many other studies evaluating the impact of pharmacists' intervention on HIV outcomes.\[[@ref11][@ref20]\]

The impact of pharmacists' intervention resulted in a reduction in ARV associated toxicity. We postulate that this was related to dosage modifications, drug substitutions and addition of new drugs recommended by HIV pharmacists.

The pharmacist\'s intervention rate in this study was surprisingly low. Previous studies have reported pharmacist-identified prescription error rates of 7-50% among HIV-infected patients receiving ART.\[[@ref23][@ref24]\] The low pharmacists intervention rate in this study may be attributed to many factors, including a high-patient burden and under-reporting of interventions. The high-patient burden in our clinic setting is a major barrier to the provision of optimal pharmaceutical care. Most published studies reporting high-medication error rates among patients on ART were carried out in developed countries with adequate capacity and pharmacists: Patient ratio of \<50;\[[@ref10][@ref11]\] our pharmacists-patient ratio was nearly 50 times higher than this. This high patient burden may contribute to under-reporting of interventions, as there is often not adequate time during clinic to document each pharmacist intervention. Another possible contributor to under-reporting in our study is the fact that only interventions accepted by the attending physician were documented. Under-reporting of interventions by pharmacists is a known phenomenon that has been observed in other studies.\[[@ref23][@ref24]\] Boardman *et al*. analyzed pharmacists' activities on the wards and found that under one-third (31%) of interventions were actually documented. The interventions that were documented tended to be those of highest clinical importance and those that were time-consuming to the pharmacist. Lack of time was the main reason interventions were not documented.\[[@ref23]\] Given the low rate of documented major interventions in our study; we recognize that under-reporting is a possible limitation to the interpretation of our findings, which makes it difficult to determine the actual impact of pharmacists' intervention. As suggested by Boardman *et al*., the interventions documented in our study were those of greatest clinical importance, and may, therefore, represent those most likely to result in favorable HIV clinical outcomes. Additionally, patients in our study were not randomized to receive specific pharmacist\'s intervention; hence, the impact of pharmacist intervention on treatment outcomes could not be fully evaluated.

Conclusion {#sec1-5}
==========

Though the documented pharmacists' intervention rate was low in this study, we were still able to describe several important DTPs among HIV-infected patients in our clinic in whom favorable HIV virological and immunological outcomes postpharmacist intervention was observed. This study provides further evidence that, with the growing number of HIV-infected individuals worldwide and the ever-increasing intricacies of HIV treatment options, clinical pharmacists educated in the pharmacotherapy of HIV are very useful resources and are essential members of the HIV multidisciplinary care team.
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